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TITLE OF THE INVENTION 
Body Composition Estimation Method and Body Composition 
5 Measuring Apparatus 

BACKGROUND OF THE INVENTION 

(i) Field of the Invention 

The present invention relates to an improvement in the 
10 accuracy of a bioelectrical impedance measuring method and to 
a body composition measuring apparatus based on the 
bioelectrical impedance measuring method. 

(ii) Description of the Related Art 

The bioelectrical impedance measuring method estimates 
15 a body composition based on the following principle. 

It is assumed that a portion in a living body where an 
electric current passes through easily is represented by a 
cylindrical conductive material as shown in Fig. 1. Further, 
when the length, cross sectional area, resistivity and volume 
20 of the conductive material are represented by L, S, p and V, 
respectively, as shown in Fig. 1, a resistance R and a volume 
V between the upper and lower end faces of the conductive 
material are expressed as follows. 

R = aL/S 
25 V = SL 

However, since the cross sectional area S is expressed as: 
S = V/L, 

the resistance R is expressed as follows. 
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R = pL 2 /V 

Thus, the volume V is expressed as: 

V = pL 2 /R. 

Further, from these expressions, it is understood that a 
5 relationship represented by: 

V oc L 2 /R. 
holds . 

As described above, various body compositions are 
estimated by estimating the volume of the conductive material 

10 in the living body, that is, the volume V of water where an 
electric current passes through easily in the living body. 

In the above model, it is assumed that the living body 
is a cylinder and water exists in the living body uniformly. 
However, in an actual living body, water existing therein 

15 comprises two types of compartments, i.e., one which has an 
extracellular fluid comprising an intercellular fluid and 
plasma and one which has an intracellular fluid surrounded by 
a cell membrane. Further, the cell membrane which surrounds 
the latter compartment having an intracellular fluid is 

20 considered as a very thin insulating material. A living body 
model having these two types of water compartments is called 
a compartment model. It is assumed that based on this model, 
a living body is represented by an equivalent circuit shown in 
Fig. 2 wherein Re is an extracellular fluid resistance, Ri is 

25 an intracellular fluid resistance and Cm is a cell membrane 
volume . 

However, because an actual living body is a collection 
of various cells and it is difficult to represent the living 
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body only by the lumped-constant equivalent circuit shown in 
Fig. 2, the Cole-Cole circular arc law is introduced so as to 
represent the electrical characteristics of the living body. 

If it is assumed that the impedance vector locus of the 
5 living body conforms to the Cole-Cole circular arc law, a 
bioelectrical impedance vector Z at a given frequency can be 
expressed as follows: 
Z(co) = FUo + (Ro-Roo) / (1+ ( jcox) p ) 

wherein cd denotes a measuring angular frequency (= 2nf, f: 
10 measuring frequency) , x denotes a central relaxation constant 
of the Cole-Cole circular arc law, P denotes a parameter 
representing distribution of relaxation time, R0 denotes a 
resistance value at a frequency of 0 Hz, and Roo denotes a 
resistance value at a frequency of oo Hz. 
15 As for relationships between R0 and Roo and Re and Ri shown 

in Fig. 2, R0 which is an impedance value at a frequency of 0 
Hz is merely a resistance value as shown by the equivalent 
circuit of Fig. 2. 

lim Z (co) = R 0 = R e 
20 ^° 

Further, Roo which is an impedance value at a frequency of oo 
Hz is also merely a resistance value as in the above case, 
lim Z(co) = R«> = R e Ri/(R e +Ri) 

€O-»0 

25 When the frequency is 0 Hz, an electric current passes 

through the extracellular fluid compartment without passing 
through the intracellular fluid compartment. Therefore, a 
bioelectrical impedance vector value measured at a frequency 
of 0 Hz is a value based on the extracellular fluid. 
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Meanwhile, since a bioelectrical impedance vector value 

measured at a frequency of oo Hz passes through both the 
extracellular fluid compartment and the intracellular fluid 
compartment, it can be said to represent the amount of water 
5 in the whole body, i.e., a total body water amount. 

Consequently, an extracellular fluid amount (ECW) or a 
total body water amount (TBW) is expressed as follows by use 
of RO which is a resistance value when the frequency of a 
measuring electric current is 0 Hz and Roo which is a resistance 
10 value when the frequency is oo Hz. 
ECW oc L 2 /Ro 
TBW oc L 2 /Roo 

Likewise, they are also expressed as follows by use of 
Re and Ri of Fig. 2. 
15 ECW oc L 2 /R e 

TBW oc L 2 / (R e Ri/ (Re+Ri) ) 

Further, an intracellular fluid (ICW) is obtained. by 
subtracting the extracellular fluid amount from the body water 
amount. Therefore, it can be expressed as follows. 

20 ICW = TBW - ECW 

As described above, the extracellular fluid amount, the 
total body water amount and the intracellular fluid amount can 
be estimated by use of the two compartment model and the 
Cole-Cole circular arc law. 

25 Further, a lean body mass, a muscle amount, a body fat 

mass, and the proportions of the extracellular fluid amount, 
the total body water amount and the intracellular fluid amount 
in a body weight can also be estimated from the terms and 
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reciprocals of the extracellular fluid amount, the total body 
water amount and the intracellular fluid amount and various 
parameters such as a body weight, a height, age and sex. 

There is proposed an apparatus which calculates a body 
5 fat mass and a body water amount based on the values of RO at 
a frequency of 0 Hz and Roo at a frequency of oo Hz which have 
been obtained by measuring a bioelectrical impedance by use of 
the foregoing principle and measuring electric currents of 
multiple frequencies (for example, Patent Publication 1) . 

10 Further, there is disclosed a method that uses an 

impedance value including a reactance value in estimating the 
body cell amount, lean body weight and total body water amount 
of a person (for example, Patent Publication 2) . 
Patent Publication 1 

15 Japanese Patent Laid-Open Publication No. 9-51884 

Patent Publication 2 

Specification of Japanese Patent No. 3330951 
An electric current which passes through a living body 
at the time of measuring a bioelectrical impedance primarily 

20 passes through an extracellular fluid compartment and an 
intracellular fluid compartment which have an electrolyte 
component and have low resistivity. However, the 

intracellular fluid compartment is surrounded by a cell 
membrane considered as a very thin insulating film. This 

25 insulating film is represented as a condenser (Cm) in the 
equivalent circuit of Fig. 2. A direct current cannot pass 
through the insulating film, and its impedance changes in 
inverse proportion to frequency. Hence, the value of an 
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electric current passing , through the intracellular fluid 
compartment depends on the frequency of the passing electric 
current . 

Meanwhile, the value of an electric current passing 
5 through the extracellular fluid compartment does not depend on 
the frequency of the passing electric current and shows a 
constant resistance value, as represented by extracellular 
fluid resistance (Re) in the equivalent circuit of Fig. 2. 

A currently popular method of measuring body water or a 

10 body composition by use of a single frequency uses an electric 
current whose frequency is close to 50 kHz which is a frequency 
close to the characteristic frequency (l/2nx) by the Cole-Cole 
circular arc law. Within this frequency range, a measuring 
electric current passes through the extracellular fluid 

15 compartment sufficiently; however, only about 1/n (n = 2 to 9, 
for example) of electric current which passes at a frequency 
of oo passes through the intercellular fluid compartment due 
to the influence of the impedance of the cell membrane. However, 
it is possible to evaluate the body water and the body 

20 composition in thorough consideration of such electrical 
characteristics of a living body. However, because the 
influence of the intracellular fluid compartment on the 
bioelectrical impedance is smaller than that of the 
extracellular fluid compartment, various problems occur. 

25 Hereinafter, an example of the problems will be described. 

Generally speaking, the extracellular fluid is 
constituted by plasma, a lymph fluid, an intercellular fluid 
and the like and moves relatively easily due to the influence 
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of gravity or the like, while the intracellular fluid takes a 
relatively long time to move because it moves through a cell 
membrane. This implies that there is a possibility that only 
distribution of the extracellular fluid changes relatively 
5 easily in a short time depending on a body part to be measured 
or the position of a subject at the time of measuring the 
bioelectrical impedance. As described above, since the 
influence of the extracellular fluid compartment on the 
bioelectrical impedance is larger than that of the 
10 intracellular fluid compartment, such a change in the 
distribution of the extracellular fluid appears as a great 
change in the measurement value of the bioelectrical impedance 
and causes errors in estimation of body water or a body 
composition . 

15 Further, it may also cause errors in the estimation of 

the body water or body composition even when the proportions 
of the extracellular fluid and the intracellular fluid of a 
subject are significantly different from those of a normal 
person. For example, it is assumed that athletes whose muscle 

20 amounts are significantly larger than those of ordinary persons 
have larger intracellular fluid compartments than those of 
ordinary persons according to the degree of development of the 
muscles. Thus, it is assumed that athletes have a larger 
proportion of intracellular fluid in body water than ordinary 

25 persons. However, due to the above reason, the intracellular 
fluid compartment is underestimated. Consequently, the 
intracellular fluid is underestimated, and a total body water 
amount is also underestimated. 
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Such a problem may occur not only in the measurement in 
the vicinity of the characteristic frequency but also in 
estimation of body water or a body composition by measurement 
of a bioelectrical impedance at a finite frequency wherein the 
5 extracellular fluid compartment and the intracellular fluid 
compartment are not evaluated equally. 

The apparatus described in the above Japanese Patent 
Laid-Open Publication No. 9-51884 calculates resistance values 
at frequencies of 0 and oo by use of measuring signals of multiple 

10 frequencies and then calculates a specific bioelectrical 
impedance from these values. This calculation process takes 
time because the circular arc locus of the impedance must be 
determined. The value calculated above is a resistance value 
at a measuring frequency of 50 kHz. This value is calculated 

15 as the bioelectrical impedance value of a subject. This 
invention is intended to reduce the influence of aspiration in 
measuring the bioelectrical impedance and is not intended to 
suppresses changes in intracellular and extracellular fluids. 

Meanwhile, the method described in the above 

20 Specification of Japanese Patent No. 3330951 uses a reactance 
value in estimating a human body composition by a bioelectrical 
impedance. The method uses a regression formula for 
calculating a body cell mass (BCM) and a reactance value Xcp. 
That is, the method directly substitutes the reactance value 

25 into the regression formula of the human body composition to 
be calculated. Further, this method deals with what can be 
measured by the bioelectrical impedance as a parallel electric 
circuit of an extracellular fluid and the body cell mass and 



does not evaluate an extracellular fluid compartment and an 
intracellular fluid compartment. 

The present invention has been conceived in view of such 
problems. An object of the present invention is to make it 

5 possible to estimate body water, a body composition, etc. , more 
accurately by correcting a measured bioelectrical impedance so 
as to suppress a change in the bioelectrical impedance which 
is caused by movements of intracellular and extracellular 
fluids and using the corrected value for estimating the body 

10 water, body composition, etc. , at the time of estimation of the 
body water, body composition, etc., by measurement of the 
bioelectrical impedance. 

SUMMARY OF THE INVENTION 

!5 a body composition estimation method of the present 

invention comprises correcting a parameter value of a measured 
bioelectrical impedance by use of a parameter representing an 
intracellular/extracellular fluid ratio which is included in 
the parameter value of the bioelectrical impedance measured at 

20 a given frequency and estimating a body composition and the like 
based on the corrected parameter value associated with the 
bioelectrical impedance. Thereby, it reduces the influence of 
a change in the distribution of an extracellular fluid which 
occurs in a relatively short time and estimates body water, the 

25 body composition and the like more accurately. 

Further, in the body composition estimation method of the 
present invention, the given frequency is the frequency of the 
electric current applied to the living body for estimation of 
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the body composition. 

Further, in the body composition estimation method of the 
present invention, the given frequency is a frequency different 
from the frequency of the electric current applied to the living 
5 body for estimation of the body composition. 

Further, in the body composition estimation method of the 
present invention, the parameter to be- corrected of the 
bioelectrical impedance is any of the absolute value of the 
bioelectrical impedance, a bioelectrical impedance vector 

10 value or the resistance component value of the bioelectrical 
impedance vector which has heretofore been used for estimation 
of a body composition. 

Further, in the body composition estimation method of the 
present invention, the parameter P' associated with the 

15 bioelectrical impedance which has been corrected by the 
parameter associated with the bioelectrical impedance which 
represents the intracellular/ extracellular fluid ratio is 
calculated as follows: 
P' = f (P,ot) = K-P A -ot B + C 

20 wherein f(P,a) is a correction function represented by 
parameters P and a, P' is the corrected parameter associated 
with the bioelectrical impedance, P is the measured parameter 
associated with the bioelectrical impedance, a is the parameter 
associated with the bioelectrical impedance which represents 

25 the intracellular/extracellular fluid ratio, and A, B, C and 
K are constants. 

The body composition estimation method of the present 
invention makes more accurate estimations of body water, a body 
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composition and the like based on the parameter associated with 
the bioelectrical impedance which has been calculated in 
accordance with the above expression. 

Further, the parameter a associated with the 
bioelectrical impedance which is used in the body composition 
estimation method of the present invention and represents the 
intracellular/extracellular fluid ratio is expressed as 
follows by use of a phase difference <|) between the waveform of 
the alternating current applied to the living body and the 
waveform of the measured voltage at the time of measurement of 
the bioelectrical impedance, 
a = !/()) 
a = 1/tan (<J>) 

Further, in the body composition estimation method of the 
present invention, the parameter a associated with the 
bioelectrical impedance which represents the 

intracellular/extracellular fluid ratio is expressed as 
follows by use of a parameter included in the parameter 
associated with the bioelectrical impedance to be corrected or 
a parameter associated with a bioelectrical impedance which is 
measured at other frequency, 
a = R/X 

wherein R is the resistance component of the bioelectrical 
impedance, and X is the reactance component of the bioelectrical 
impedance . 

Further, in the body composition estimation method of the 
present invention, the parameter a associated with the 
bioelectrical impedance which represents the 
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intracellular/extracellular fluid ratio is expressed as 
follows by use of the absolute value of the bioelectrical 
impedance or the resistance component value of the 
bioelectrical impedance which is a parameter associated with 
5 a bioelectrical impedance at higher and lower frequencies than 
a measuring frequency for the parameter associated with the 
bioelectrical impedance to be corrected or either one of which 
is the parameter associated with the bioelectrical impedance 
to be corrected. 

10 a = P_high/P_low 

a = P_low/ (P_low"P_high) 
a = P_high/ (P_low~P_high) 

wherein P_high is a parameter associated with a bioelectrical 
impedance at a higher frequency, and P_low is a parameter 

15 associated with a bioelectrical impedance at a lower frequency. 

Further, in the body composition estimation method of the 
present invention, the parameter a associated with the 
bioelectrical impedance which represents the 

intracellular/extracellular fluid ratio is expressed as 

20 follows by a bioelectrical impedance value R0 at a frequency 
of 0 Hz and a bioelectrical impedance value Rinf at an infinite 
frequency which are determined from bioelectrical impedance 
values measured at a number of frequencies, 
a = Rinf/RO 

25 Alternatively, the parameter a is expressed as follows by an 
extracellular fluid resistance value Re and an intracellular 
fluid resistance value Ri . 
a = Ri/Re 



Further, a body composition measuring apparatus of the 
present invention comprises: 
an electric current applying unit,, 
a voltage measuring unit, 
5 a bioelectrical impedance computing unit, 
a correcting unit, and 
a body composition computing unit, 
wherein 

the electric current applying unit applies an electric current 

10 to a living body, 

the voltage measuring unit measures a voltage, 
the bioelectrical impedance computing unit computes a parameter 
associated with a bioelectrical impedance of a measured body 
part from the applied electric current and the measured voltage, 

15 the correcting unit corrects the parameter value associated 
with the measured bioelectrical impedance by use of a parameter 
representing an intracellular/extracellular fluid ratio which 
is included in the parameter value of the bioelectrical 
impedance measured at a given frequency, and 

20 the body composition computing unit computes an index 
associated with a body composition based on the corrected 
parameter value associated with the bioelectrical impedance. 
Thereby, it reduces the influence of a change in the 
distribution of an extracellular fluid which occurs in a 

25 relatively short time and estimates body water, the body 
composition and the like more accurately. 

Further, in the body composition measuring apparatus of 
the present invention, the given frequency is the frequency of 
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the electric current applied to the living body for estimation 
of the body composition. 

Further, in the body composition measuring apparatus of 
the present invention, the given frequency is a frequency 
5 different from the frequency of the electric current applied 
to the living body for estimation of the body composition. 

Further, in the body composition measuring apparatus of 
the present invention, the parameter of the bioelectrical 
impedance which is corrected by the correcting unit is any of 

10 the absolute value of the bioelectrical impedance, a 
bioelectrical impedance vector value or the resistance 
component value of the bioelectrical impedance vector which has 
heretofore been used for estimation of a body composition. 

Further, in the body composition measuring apparatus of 

15 the present invention, when the parameter associated with the 
bioelectrical impedance which has been corrected by the 
parameter associated with the bioelectrical impedance which 
represents the intracellular/extracellular fluid ratio is P' , 
the correction of the parameter associated with the 

20 bioelectrical impedance in the correcting unit is made in 
accordance with the following correction expression: 
P' = f (P,a) = K-P A -a B + C 

wherein f(P,a) is a correction function represented by 
parameters P and a, P' is the corrected parameter associated 
25 with the bioelectrical impedance, P is the measured parameter 
associated with the bioelectrical impedance, a is the parameter 
associated with the bioelectrical impedance which represents 
the intracellular/extracellular fluid ratio, and A, B, C and 



K are constants. The body composition measuring apparatus of 
the present invention makes more accurate estimations of body 
water, a body composition and the like based on the calculated 
parameter associated with the bioelectrical impedance. 
5 Further, in the body composition measuring apparatus of 

the present invention, the parameter a associated with the 
bioelectrical impedance which is used in the body composition 
measuring apparatus of the present invention and represents the 
intracellular/extracellular fluid ratio is expressed as 
10 follows by use of a phase difference 4> between the waveform of 
the alternating current applied to the living body and the 
waveform of the measured voltage at the time of measurement of 
the bioelectrical impedance, 
a = 1/<|> 

15 a = l/tan(4>) 

Further, in the body composition measuring apparatus of 

the present invention, the parameter a associated with the 
bioelectrical impedance which represents the 

intracellular/extracellular fluid ratio is expressed as 
20 follows by use of a parameter included in the parameter 
associated with the bioelectrical impedance to be corrected or 
a parameter associated with a bioelectrical impedance which is 
measured at other frequency, 
a = R/X 

25 wherein R is the resistance component of the bioelectrical 
impedance, andX is the reactance component of the bioelectrical 
impedance . 

Further, in the body composition measuring apparatus of 



the present invention, the parameter a associated with the 
bioelectrical impedance which represents the 

intracellular/extracellular fluid ratio is expressed as 
follows by use of the absolute value of the bioelectrical 
5 impedance or the resistance component value of the 
bioelectrical impedance which is a parameter associated with 
a bioelectrical impedance at higher and lower frequencies than 
a measuring frequency for the parameter associated with the 
bioelectrical impedance to be corrected or either one of which 
10 is the parameter associated with the bioelectrical impedance 
to be corrected. 

a = P_high/P_low 

a — P__low/ (P_low~P_high) 

a = P__high/ (P__low-P_high) 

15 wherein P_high is a parameter associated with a bioelectrical 
impedance at a higher frequency, and P_low is a parameter 
associated with a bioelectrical impedance at a lower frequency. 

Further, in the body composition measuring apparatus of 
the present invention, the parameter a associated with the 

20 bioelectrical impedance which represents the 

intracellular/extracellular fluid ratio is expressed as 
follows by a bioelectrical impedance value R0 at a frequency 
of 0 Hz and a bioelectrical impedance value Rinf at an infinite 
frequency which are determined from bioelectrical impedance 

25 values measured at a number of frequencies, 
a = Rinf/RO 

Alternatively, the parameter a is expressed as follows by an 
extracellular fluid resistance value Re and an intracellular 
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fluid resistance value Ri . 
a = Ri/Re 

BRIEF DESCRIPTION OF THE DRAWINGS 
5 Fig. 1 is a diagram when a human body is assumed to be 

a cylinder. 

Fig. 2 is a diagram showing an electrical equivalent 
circuit of an interstitial cell. 

Fig. 3 is a diagram showing the vector locus of a 
10 bioelectrical impedance of a human body. 

Fig. 4 is a graph showing a relationship in calculation 
of a lean body mass of an ordinary person between when a 
correction is made and when no correction is made in a 
bioelectrical impedance correction formula of the present 
15 invention. 

Fig. 5 is a graph showing a relationship in calculation 
of a lean body mass of an athlete between when a correction is 
made and when no correction is made in the bioelectrical 
impedance correction formula of the present invention. 
20 Fig. 6 is a graph showing changes with time in a 

bioelectrical impedance when a correction is made and when no 
correction is made in the bioelectrical impedance correction 
formula of the present invention. 

Fig. 7 is an external perspective view of a body 
25 composition measuring apparatus which is an example of the 
present invention. 

Fig . 8 is an internal block diagram of the body composition 
measuring apparatus which is an example of the present 
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invention . 

Fig. 9 is a flowchart of the body composition measuring 
apparatus which is an example of the present invention. 

5 DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

To estimate a body composition by use of a bioelectrical 
impedance Z, a computation is made generally by substituting 
the body height of a subject, the absolute value |Z| of the 
bioelectrical impedance and parameters such as a body weight, 

10 sex and age into a regression formula. The following is an 
important term of the regression formula. 
L 2 /|Z| ... (1) 

wherein L denotes the body height of a subject or the length 
of a body part to be measured, and I Z| denotes an absolute value 
15 of a measured bioelectrical impedance. 

Further, this term is called an impedance index. 

Meanwhile, a measured bioelectrical impedance vector 
Z(o) is expressed as follows according to the above Cole-Cole 
model . 

20 Z(«) = R» + (Ro-R~) /{ 1+ (j<o*) P } 

= R» + (R 0 -R»)/[l+(0)x) P x{cos(7ip/2)+jsin(7tp/2) }] 

wherein oo denotes a measuring angular frequency (= 27tf, f: 
measuring frequency) , x denotes a central relaxation constant 
of the circular arc law, P denotes a parameter representing 
25 distribution of relaxation time, RO denotes a resistance value 
at a frequency of 0 Hz, and Roo denotes a resistance value at 

a frequency of oo Hz. 

As represented by the Cole-Cole model, when a 
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bioelectrical impedance vector measured while a frequency is 
swept is plotted on a plane whose horizontal axis represents 
a resistance component R which is a real number component and 
vertical axis represents a volume component X which is an 
imaginary number component, its vector locus forms a circular 
arc as shown in Fig. 3. Although the imaginary axis component 
in this case is a negative value because the component is 
volume-based, the component will be dealt with as a positive 
number for the sake of convenience hereinafter. 

In Fig. 3, O represents the coordinate origin, A and B 
represent intersections between the vector locus and the real 
axis, C represents the apex of the circular arc, D represents 
the center of the circle, and E represents an intersection 
between the line CD and the real axis. In this case, the point 
A represents a bioelectrical impedance value at a frequency of 
oo, the point B represents a bioelectrical impedance value at 
a frequency of 0 Hz, and both of the points A and B have only 
a resistance value which is a real number component without an 
imaginary number component. A frequency at which the 
bioelectrical impedance value reaches the apex C of the circular 
arc is called a characteristic frequency, and an angular 
frequency at that time is expressed as follows. 
© = 1/t 

When the bioelectrical impedance value is broken down 
into the real axis component (resistance component) R and the 
imaginary axis component (reactance component) X, R and X are 
expressed as follows: 

R = R»+[ (Ro-R~)x{l+(CDT) P XCOS(7lP/2) }]/g«D,T,P) 
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X = [ (R 0 -Roo)x{ (o)x) p xsin(7cp/2) } ] /g (co, x, p) 
wherein 

g(co,T,p) = 1 + 2 (<dt) p xcos (7tp/2) + { (cox) 2p ) . 

When a measuring angular frequency co of 1/x, i.e., the 
5 characteristic frequency is considered, the above R and X are 
expressed as follows. 
R = (R 0 +Roo)/2 

X= {(Ro-Roo)/2} x [sin(7ip/2) /{1 + cos (7cp/2) }] 
= {(R 0 -Roo)/2} x tan(7ip/4) 
10 The values of R and X in this case represent a distance between 
the coordinate origin and the point E and a distance between 
the points E and C shown in Fig. 3, respectively. 

It is understood from the above description that body 
water, a body composition and the like can be estimated from 
15 both the absolute value I Z | of the bioelectrical impedance and 
the resistance component R which is its real axis component, 
although they comprise different parameters. 

Therefore, in addition to the above impedance index: 
L 2 /|Z| ... (1), 

20 body water, a body composition and the like can be estimated 
by : 

L 2 /R . • • (1) ' • 

Hereinafter, this term will be called a resistance index. 

These impedance index and resistance index has 
25 significant relationships with body water, a lean body mass, 
a muscle amount and the like in a living body, and they are 
important terms for estimating these data. Further, these 
indices are also important terms for estimating a fat mass, a 
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fat percentage and the like. 

However, in either case, in the measurement of a 
bioelectrical impedance at a frequency close to the 
characteristic frequency, influences of the above 
5 underestimation of the intracellular fluid compartment and the 
above change in the distribution of the extracellular fluid 
occur. Further, their influences may also occur in other 
bioelectrical impedance measurements at finite frequencies. 

Further, this error produces a particularly significant 

10 influence when the body composition of a whole body is. to be 
estimated from the resistance component of a specific part of 
the living body. 

The present invention provides a method comprising 
correcting the absolute value I Z | of a measured bioelectrical 

15 impedance or a measured resistance component R by use of 
elements which are not reflected on the absolute value | Z | of 
the bioelectrical impedance or resistance component R obtained 
by the measurement of the bioelectrical impedance, i.e., data 
of an underestimated intracellular fluid compartment and 

20 estimating body water, a body composition and the like by use 
of an impedance index or resistance index using the absolute 
value |Z| f of the corrected bioelectrical impedance or the 
corrected resistance component R' ; and an apparatus which 
estimates body water, a body composition and the like by use 

25 of the absolute value |Z|' of the corrected bioelectrical 
impedance or the corrected resistance component R' . 

Hereinafter, the present invention will be described by 
use of a resistance index by a resistance component R which is 



a real axis component of a bioelectrical impedance vector. 

In general, an impedance vector z(o) is expressed as 
follows by use of a resistance component r and a reactance 
component x . 

5 z (co) = r + jx (©) 

Further, there exist the following relationships using 

the absolute value |z(o) I of the impedance vector and a phase 

angle (|). 

r = | z (co) | coscj) 

10 x = | z (co) I sinc|) 

tan(<|)) = x/r 

Further, as described above, the resistance component R 
and the reactance component X are expressed as follows. 

R = (Ro+Rco) /2 
15 X = {(Ro-Rco)/2} x tan(7Cp/4) 

Therefore, the following expression holds. 

X/R = tan (710/4) x (R 0 -R«>) / (Ro+R«>) 

Since the following expressions: 

R0 = Re 
20 Roo = ReRi/(Re+Ri) 

hold, X/R can also be expressed as follows. 

X/R = tan (7i(3/4) x R e / (R e +2Ri) 

= tan (710/4 ) / (l + 2Ri/Re) 
Thus, the following expression holds. 

25 R/X = (l + 2Ri/R e ) cot (ttP/4) 

Ri/Re in this expression represents relative data of the 

intracellular and extracellular fluid compartments. 

Hereinafter, this Ri/Re will be called an 



intracellular/extracellular fluid compartment ratio. 

On this intracellular/extracellular fluid compartment 
ratio, the sizes of both compartments in a body part where a 
bioelectrical impedance is measured are reflected. In the case 

5 of an athlete having well-developed muscles, when the 
intracellular fluid compartment is large, the 
intracellular/extracellular fluid compartment ratio is small. 
On the other hand, the smaller the intracellular fluid 
compartment becomes, the larger the 

10 intracellular/extracellular fluid compartment ratio becomes. 
Meanwhile, when the extracellular fluid compartment is large, 
the intracellular/extracellular fluid compartment ratio is 
large, while when the extracellular fluid compartment is small, 
the intracellular/extracellular fluid compartment ratio is 

15 small . 

However, it is not conceivable that the intracellular 
fluid compartment of a living body changes within a short time 
under general circumstances. It is conceived that the 
intracellular fluid compartment changes gradually over a long 

20 time by training, aging and the like. Therefore, it may be 
assumed that the intracellular fluid compartment remains 
unchanged within a limited time period. As for the 
extracellular fluid compartment, however, since a change may 
occur in uniform distribution of the extracellular fluid in a 

25 very short time as described above, the extracellular fluid 
compartment may change drastically. 

In the present invention, the absolute value of a 
bioelectrical impedance or the resistance component of the 
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bioelectrical impedance which is a parameter associated with 
the measured bioelectrical impedance is corrected by use of a 
parameter associated with the bioelectrical impedance which 
includes the above intracellular/extracellular fluid 
5 compartment ratio in accordance with the following expression. 
Hereinafter, the intracellular/extracellular fluid 
compartment ratio and the ratio between the intracellular and 
extracellular fluids will be used synonymously with each other 
and will not be differentiated. 
10 P' = f <P,a) = K-P A -a B + C- 

wherein f(P,a) is a correction function represented by 
parameters P and a, P' is a parameter associated with a corrected 
bioelectrical impedance, P is a parameter associated with a 

measured bioelectrical impedance, a is a parameter associated 
15 with a bioelectrical impedance which represents an 
intracellular/extracellular fluid ratio, and A, B, C and K are 
constants . 

Further, by use of the parameter value associated with 
the corrected bioelectrical impedance, the above impedance 
20 index or resistance index is calculated, and based on the 
calculated index, body water and a body composition are 
estimated. 

The parameter having the intracellular/extracellular 
fluid compartment ratio for correcting the parameter associated 
25 with the bioelectrical impedance, when the phase angle of the 
bioelectrical impedance is ({>, is expressed as follows. 
R/X = cot ((J)) 

Considering that the phase angle of the bioelectrical impedance 
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is generally smaller than 10°, it is conceivable that the 
following expression holds. 

cot (<|)) = 1/<|) 
Thus, 

5 cot(<|>) 
and 

1/4). 

An extracellular fluid resistance value Re and an 
intracellular fluid resistance value Ri calculated from the 
10 results of measurement of a bioelectrical impedance at multiple 
frequencies have the following relationship. 
Ri/Re 

A bioelectrical impedance R0 at a frequency of 0 Hz and 
a bioelectrical impedance Roo at a frequency of oo calculated 
15 from the results of measurement of a bioelectrical impedance 
at multiple frequencies have the following relationship. 
Rinf /R0 

Rinf/Ro = {R e Ri/ (Re + Ri) }/R e 
20 = 1/{1+ (Ri/Re) } 

R0/ (RO-Rinf ) 

Ro/(Ro-Rinf) = 1 + (Ri/Re) 
Rinf/ (RO-Rinf ) 

25 

Rinf/ (Ro-Rinf) = Ri/Re 

When both or either of the above RO and Rinf are 
approximated by use of the absolute value I Z | of a bioelectrical 

25 



impedance vector or the resistance component R of the 
bioelectrical impedance vector which is a parameter associated 
with a bioelectrical impedance at higher and lower frequencies 
than a measuring frequency for the parameter associated with 
5 the bioelectrical impedance to be corrected or either one of 
which is the parameter associated with the bioelectrical 
impedance to be corrected, the following expressions hold. 

P__high/P_low 
P_low/ (P_low~P_high) 
10 P high/ (P low P high) 

wherein P_ h igh is a parameter associated with a bioelectrical 
impedance at a higher frequency, and P_i G w is a parameter 
associated with a bioelectrical impedance at a lower frequency. 

15 Examples 

Hereinafter, the effectiveness of the bioelectrical 
impedance measuring method according to the present invention 
and an example of the bioelectrical impedance measuring 
apparatus according to the present invention will be described 

20 with reference to the drawings. 

To examine the effectiveness of the bioelectrical 
impedance measuring method according to the present invention, 
the present inventor conducted an experiment for examining a 
difference in the result between before and after correction 

25 made by the bioelectrical impedance measuring method of the 
present invention by use of a bioelectrical impedance. As a 
measuring electric current, an alternating current signal of 
50 kHz which was close to the characteristic frequency was 
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employed. The electric current for measuring a bioelectrical 
impedance passed between both feet, and an electric potential 
difference was also detected between the feet. 

This examination experiment shows the result of simply 
5 substituting the absolute value of a measured impedance value 
into the expression (1) which is an impedance index which is 
the most important element in estimation of a body composition 
and the result of correcting the absolute value of the measured 
bioelectrical impedance by use of the following expression (2) 

10 and substituting the corrected value into the expression (1) 
which is the impedance index. In this case, the former is 
defined as a pre-correction value, and the latter is defined 
as a post-correction value. 

By use of R/X as a parameter representing an 

15 intracellular/extracellular fluid ratio, the absolute value P 
of a measured bioelectrical impedance was corrected by the 
following expression. 

P' = f(P,R,X) = Ki (P) A i (R/X) B X + d . . . (2) 

wherein R is a real axis component (resistance component) of 
20 a bioelectrical impedance, X is an imaginary axis component 

(reactance component) of the bioelectrical impedance, and A lf 

Bi, Ci and Ki are constants. 

Fig. 4 and Fig. 5 show lean body masses obtained by dual 

energy X-ray absorptiometry (DXA) on the horizontal axis and 
25 pre-correction values and post-correction values obtained by 

the impedance index and normalized by their corresponding 

maximum values on the vertical axis. " O " represents the 

pre-correction values, and "x" represents the post-correction 
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values. Further, Fig. 4 shows pre-correction values and 
post-correction values for ordinary persons, while Fig. 5 shows 
pre-correction values and post-correction values for athletes. 

Referring to the data for ordinary persons in Fig. 4, 
differences are hardly seen in comparisons of the 
post-correction values with the pre-correction values. This 
is because the parameters for the correction expression are 
prepared in accordance with the data for ordinary persons. No 
differences between the pre-correction and post-correction 
data indicates that the present invention can be applied to an 
unspecified number of subjects having a general 
intracellular/extracellular compartment ratio. 

As for the data for athletes in Fig. 5, when they are 
compared with the results for ordinary persons in Fig. 4, there 
are distinct differences, and it is understood that the values 
calculated by the absolute values of bioelectrical impedances 
before correction are low on the whole and lean body masses are 
underestimated. The larger the lean body masses measured by 
DEXA, the more noticeable this tendency becomes. This is 
ascribable to the aforementioned fact that the extracellular 
fluid compartment and the intracellular fluid compartment 
contribute to measured bioelectrical impedance values to 
different degrees. It is understood that by making the 
correction according to the present invention, the tendency of 
underestimation of the lean body masses for athletes has been 
improved and values close to proper lean body masses have been 
calculated. Therefore, the correction according to the 
present invention can make estimated values closer to proper 
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values even when the intracellular/extracellular compartment 
ratio is significantly different from that of an ordinary 
person. 

The above is the results of examining the application of 
5 the present invention when subjects are in normal conditions 
or in conditions close to the normal conditions. 

Next, an examination is made on when the extracellular 
fluid compartment of a subject changes. This corresponds to 
the aforementioned case where the distribution of an 
10 extracellular fluid changes in a relatively short time. Fig. 
6 is a graph showing, in chronological order, data calculated 
from values before and after the correction according to the 
present invention is made, by measuring a change in the 
bioelectrical impedance of a subject a few times per day over 
15 four days. 

The horizontal axis represents time, and the vertical 
axis represents rates of change when the first values before 
and after the correction are 100. Further, "O" represents 
pre-correction values, and "x" represents post-correction 
20 values. 

Changes in the graph of the pre-correction values imply 
that the measured bioelectrical impedance value changes during 
a day. The reason is as follows. That is, the distribution 
of water is uniform immediately after the subject wakes up 
25 because the subject has kept lying down by then, and the legs 
have a low water content, so that a measured bioelectrical 
impedance becomes high. However, when the subject starts a 
normal life after waking up, migration of the extracellular 



fluid occurs due to the influence of gravity, whereby the 
extracellular fluid in the legs which are body parts where the 
bioelectrical impedance is measured in this examination 
experiment increases, so that a low bioelectrical impedance 
5 value is obtained. The result of substituting the 
pre-correction absolute value of the bioelectrical impedance 
into the impedance index as in the foregoing examination 
experiment corresponds to the changes in the graph of the 
pre-correction values. Meanwhile, when the graph of the 

10 post-correction values is examined, changes assumed to be 
caused by migration of the extracellular fluid are hardly seen. 
Thus, by performing the correction described in the present 
invention on the absolute value of the measured bioelectrical 
impedance and estimating a body composition based on the 

15 corrected value, the influence of migration of the 
extracellular fluid can be reduced, and changes in body water 
and a body composition calculated in a day which are called 
"circadian rhythms" can be kept very low. 

Next, an example of a body composition measuring 

20 apparatus using the bioelectrical impedance measuring method 
according to the present invention will be described. 

Fig. 7 is an external view of the body composition 
measuring apparatus, and Fig. 8 is a block diagram for 
illustrating electrical connections of the apparatus. 

25 Fig. 7 is an external perspective view of the body 

composition measuring apparatus which is an example of the 
present invention. The measuring apparatus 1 has nearly 
L-shaped. Its lower portion is constituted by a scale 2. The 
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scale 2 is a known device and has electrode portions 3 and 4 
on a platform 2a on which a subject stands on to measure his 
weight. The electrode portions 3 and 4 make contact with the 
bottoms of both feet of the subject. The electrode portions 
3 and 4 comprise current supplying electrodes 3a and 4a for 
supplying an electric current and voltage measuring electrodes 
3b and 4b for measuring a voltage. 

Further, the measuring apparatus 1 has an operation box 
5 on its top surface. This operation box 5 comprises an input 
unit 6 which is input means for inputting various physical data 
and comprises a number of keys including a power switch and 
numeric keys, a display unit 7 which is display means comprising 
an LCD for displaying the results of measurements, and a 
printing unit 8 which prints the results of measurements on 
paper and ejects the paper. 

Further, to the operation box 5, electrode grips 13 and 
14 for hands are connected via codes 15 and 16. The electrode 
grips 13 and 14 comprise current supplying electrodes 13a and 
14a for supplying an electric current and voltage measuring 
electrodes 13b and 14b for measuring a voltage. The electrode 
grips 13 and 14 are hooked on hooks 17 which are provided on 
both sides of the operation box 5 except for when they are used 
for measurement . 

Fig. 8 is an internal electrical block diagram of the 
measuring apparatus 1. Eight electrodes which are current 
applying means and voltage measuring means, i.e., electrodes 
3a, 3b, 4a, 4b, 13a, 13b, 14a and 14b which make contact with 
both hands and feet, are connected to an electrode switching 
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unit 20. The electrode switching unit 20 is connected to an 
arithmetic and control unit 23 which is control means via a 
current supplying unit 21 and a voltage measuring unit 22. The 
arithmetic and control unit 23 has a microcomputer (CPU) and 

5 is not only bioelectrical impedance computation means for 
computing a bioelectrical impedance from an applied electric 
current and a measured voltage but also correction means for 
correcting the computed bioelectrical impedance. Further, it 
is also body composition computation means for computing an 

10 index related to the composition of a living body and performs 
various other computations and controls. A storage unit 24 
which is storage means for storing various data and comprises: 
a memory or a register and a body weight measuring unit 2 6 which 
measures the body weight of a subject are connected to the 

15 arithmetic and control unit 23. Further, the input unit .6, the 
display unit 7 and the printing unit 8 are connected to the 
arithmetic and control unit 23. A power unit 28 supplies 
electric power to the arithmetic and control unit 23 and other 
units . 

20 Next, the operation of the body composition measuring 

apparatus will be described. 

Fig. 9 is a flowchart showing the operation of a body 
composition measuring apparatus 1. 

At the press of the power switch of the input unit 6 (STEP 
25 SI), the apparatus is initialized (STEP S2) . Thereby, the 
apparatus enters a waiting mode to accept the next input by a 
switch (STEP S3) . Then, at the press of a numeric key of the 
input unit 6 (STEP S4 ) , it is checked whether data about personal 
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parameters are stored in a memory area in the storage unit 24 
based on the corresponding number (STEP S5) . 

When the personal parameters are stored, the personal 
parameters are read from the storage unit 24 and displayed on 
5 the display unit 7, and it is then checked whether a switching 
key has been pressed (STEP S6) . 

When the personal parameters are not stored in STEP S4 
' or the switching key has been pressed in STEP S5, the apparatus 
enters a mode to wait for inputs of the personal parameters. 
10 A user enters personal parameters such as a body height, age 
and sex by use of the numeric keys of the input unit 6 (STEP 
S7) . 

When the personal parameters are entered, a body weight 
is measured (STEP S8) . When the user stands on the scale 2, 

15 the body weight measuring unit 26 detects a load and measures 
the weight of the user. 

Then, a bioelectrical impedance is measured (STEP S9) . 
A bioelectrical impedance between both hands is measured. 
The electrode switching unit 20 is switched by a signal from 

20 the arithmetic and control unit 23, whereby an alternating 
electric current is supplied from the current supplying unit 
21 to between the electrodes 13a and 14a, and a voltage is 
measured on the electrodes 13b and 14b by the voltage measuring 
unit 22. At that time, a phase difference is determined from 

25 a voltage waveform produced when the applied current is passed 
through a reference resistance and the alternating waveform of 
the measured voltage in the measured body part of the living 
body, and the bioelectrical impedance value is corrected by the 
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phase difference and the absolute value P of the measured 
bioelectrical impedance. As shown in Fig. 2, the phase 
difference occurs because a cell membrane in a living body has 
a volume component, and its size varies according to an 
5 intracellular/extracellular fluid ratio as can be understood 
from a fact that the equivalent circuit of a living body model 
can be represented as a parallel circuit of an extracellular 
fluid resistance and an intracellular fluid resistance. As for 
calculation of a parameter associated with the bioelectrical 
10 impedance to be corrected, the corrected value P' of the 
bioelectrical impedance is calculated by use of l/(j) as a 
parameter for the intracellular/extracellular fluid ratio in 
accordance with the following expression: 

P' = f(P,4>) = K 2 (P) A 2 (1/40 B 2 + C 2 . . . (3) 
15 wherein <j) is a phase difference, andA 2 , B 2 , C 2 and K 2 are constants 

(STEP S10) . 

Then, a bioelectrical impedance between both feet is 
measured. An electric current is passed between the electrodes 
3a and 4a, and a voltage is measured between the electrodes 3b 
20 and 4b. 

Then, a bioelectrical impedance through the trunk is 
measured. An electric current is passed between the electrodes 
14a and 4a, and a voltage is measured between the electrodes 
13b and 3b. 

25 After completion of measurement of the bioelectrical 

impedance in each body part, the body composition of the subject 
is calculated. The body composition is calculated by use of 
the corrected bioelectrical impedance values P' . 



The body composition is calculated by use of the corrected 
bioelectrical impedance values, the set and stored personal 
parameters and the measured body weight value (STEP Sll) - The 
body composition such as a percent of body fat, a body water 

5 amount and a muscle amount to be calculated can be estimated 
from bioelectrical impedance values and physical parameters 
such as a body height and a body weight, and descriptions of 
calculations thereof are omitted since their calculations are 
conventionally known techniques. 

10 The result of calculating the body composition is 

displayed on the display unit 7 (STEP S12) . Thereafter, the 
apparatus returns to the key-input waiting mode of STEP S3. 

When a personal key has not been pressed in STEP S4, it 
is determined whether the power switch has been pressed (STEP 

15 S13) . When it is determined that the power switch has been 
pressed, the power is turn off, and the operation of the 
apparatus is ended completely (STEP S14) . 

Although the upper body including both hands, the lower 
body including both feet and the trunk have been described as 

20 body parts where a bioelectrical impedance is measured in this 
apparatus, the bioelectrical impedance measuring method of the 
present invention is not limited to measurements at specific 
body parts and can be applied to the measurement of the 
bioelectrical impedance at any body parts of a living body. 

25 In the above example, the parameter associated with the 

phase difference is used. An example associated with other 
parameter will be described hereinafter. 

Two measuring frequencies, i.e., f_high and f_low which 
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is sufficiently lower than f_high, are conceived. When f_high 
is a sufficiently high frequency which passes through 
intracellular/extracellular fluids, its resistance component 
Rf_high can be a parameter for estimating total body water. 
5 Further, f_low which is sufficiently lower than f_high 
estimates the extracellular fluid more largely than f_high. 
Therefore, when viewed from Rf_high, Rf— low can be considered 
as a parameter for estimating the extracellular fluid. 

Consequently, the resistance components Rf_high/Rf_low 

10 of the corresponding frequencies can be a biological parameter 
representing the ratio between the extracellular fluid and 
total body water. 

How this parameter changes is conceived for an athlete 
and an ordinary person. 

15 Athlete: More Muscle -> Lower Extracellular Fluid Amount/Body 
Water Amount -» Lower Rf_high/Rf_low 

Ordinary Person: Less Muscle -> Higher Extracellular Fluid 
Amount/Body Water Amount -» Higher Rf_high/Rf_low 

Thus, multiplying the resistance component R by this 
20 parameter makes the resistance component R smaller for those 
with a smaller proportion of the extracellular fluid amount in 
the total body water amount. That is, it is determined that 
those with more muscles have more body water. 

Further, when a change in the extracellular fluid of a 
25 person is conceived on the assumption that an intracellular 
fluid does not change, the following are conceivable. 
Extracellular Fluid Decreased (Resistance Component R 
Increased) Lower Extracellular Fluid Amount/Body Water 
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Amount -» Rf_high/Rf_low Decreased 

Extracellular Fluid Increased (Resistance Component R 
Decreased) -> Higher Extracellular Fluid Amount/Body Water 
Amount -» Rf_high/Rf_low Increased 
5 Thus, this parameter Rf_high/Rf_low is a parameter which 

acts in an reverse direction to an increase/decrease in the 
resistance component R by an increase/decrease in the 
extracellular fluid. Although the above description has been 
given by use of the resistance component of the bioelectrical 
10 impedance vector, a parameter P' associated with a 
bioelectrical impedance to be corrected can be defined as 
follows when the above resistance component is replaced by a 
parameter P associated with the bioelectrical impedance which 
includes the absolute value I Z | of the bioelectrical impedance. 

15 P' = K 3 (P) A 3(Pf_high/Pf_low) B 3 + C 3 

wherein P_ h igh is a parameter associated with a bioelectrical 
impedance at a higher frequency, P_iow is a parameter associated 
with a bioelectrical impedance at a lower frequency, and A 3 , 
B 3 , C 3 and K 3 are constants. 
20 Next, another biological parameter reflecting the 

intracellular/extracellular fluid ratio of a person will be 
described. 

In accordance with the Cole-Cole model based on a 
multi frequency method, resistance values related to the water 
25 amount of a living body such as Re representing an extracellular 
fluid, Rinf representing body water and Ri representing an 
extracellular fluid by Re and Rinf can be determined. 
Descriptions of calculations of the resistance values R0 and 



Rinf by multif requency measuring signals will be omitted since 
they are described in the above Japanese Patent Laid-Open 
Publication No- 9-51884. 

Since these resistance values represent an extracellular 
5 fluid amount, a total body water amount and an intracellular 
fluid amount, the same thing as said with respect to the above 
example can be said. 

Accordingly, Rinf /Re and Ri/Re are parameters which work 
in the same manner as those in the above example. Therefore, 
10 even if corrections are made in accordance with the following 
expressions : 

P' = K 4 (P)\(R inf /R e ) B 4 + C 4 

P' = K 5 (P)\ (Ri/Re) B 5 + C 5 

wherein An, Bn, Cn and Kn are constants, 

15 It is conceived that an improvement in the accuracy of 
measurement of a bioelectrical impedance can also be expected 
as in the above case . 

As described in the above examples of the present 
invention, the present invention corrects a portion in a 

20 measured bioelectrical impedance which changes according to a 
change in an intracellular/extracellular fluid ratio by use of 
a parameter associated therewith. The parameter is not limited 
to those described above. For example, a number of the above 
correction parameters may be used in combination, and the 

25 following correction: 

P' = f(P,a,p . ..) = Kl-P*-a B -p c ... + K3 
or 

P' = f (P,a,p . . . ) = Kl • P A - (Klla B + K12p c + . . . + K2) + K3 
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wherein f(P,a,p ...) is a correction function represented by 
parameters P, a and p, P' is a parameter associated with a 
corrected bioelectrical impedance, P is a parameter associated 
with a corrected bioelectrical impedance, a, P, ... are 

5 parameters associated with a bioelectrical impedance which 
represent an intracellular/extracellular fluid ratio, A, B and 
C are parameters (constants) for conforming to a living body, 
Kl, K2 andK3 are constants, andKll, K12, . . . are also constants, 
is also possible. 

10 Further, in the above descriptions of the body 

composition estimation method and body composition measuring 
apparatus of the present invention, the absolute value |Z| of 
a bioelectrical impedance vector or the resistance component 
R of the bioelectrical impedance vector is used as a parameter 

15 associated with a bioelectrical impedance to be corrected. 
However, even if the parameter associated with the 
bioelectrical impedance is neither the absolute value |Z| nor 
the resistance component R, the present invention which makes 
a correction by use of a parameter having an 

20 intracellular/extracellular fluid compartment ratio is still 
applicable . 

Further, in the above descriptions of the body 
composition estimation method and body composition measuring 
apparatus of the present invention, parameters associated with 
25 bioelectrical impedances between both hands, between both feet 
and through the trunk are corrected by use of the electrodes 
for both hands and the electrodes for both feet. The present 
invention is not limited to this particular constitution. The 
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present invention may also be constituted such that a 
bioelectrical impedance in a specific body part such as a hand, 
a foot, the right half body or the left half body is measured 
and a parameter associated with the bioelectrical impedance is 
5 corrected, and the body part where the bioelectrical impedance 
is measured is not limited. 

The body composition estimation method and body 
composition measuring apparatus of the present invention 
correct a parameter associated with a bioelectrical impedance 

10 by use of a parameter representing an 

intracellular/extracellular fluid ratio. Thereby, a change in 
an impedance caused by a change in the extracellular fluid when 
a certain body water distribution state is taken as a standard 
can be suppressed. This implies that a change in a 

15 bioelectrical impedance called "circadian rhythms" can be 
controlled. The value of a parameter associated with a 
bioelectrical impedance to be calculated becomes a value free 
from the influence of a change in the 
intracellular/extracellular fluids, and a body composition is 

20 calculated more accurately based on the parameter. 

Further, the body composition estimation method and body 
composition measuring apparatus of the present invention can 
calculate a phase difference from the waveform of an electric 
current to be applied and the waveform of a measured voltage 

25 easily when the phase difference is used as a parameter 
representing an intracellular/extracellular fluid ratio and 
can correct a bioelectrical impedance easily. 
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